The safety of ethambutol dihydrochloride dry powder formulations containing chitosan for the possibility of treating lung tuberculosis.
The aim of this study was to conduct in vitro studies of a dry powder formulation of ethambutol dihydrochloride (EDH) to determine if it was an acceptable candidate for further in vivo studies to target alveolar macrophages for the treatment of lung tuberculosis. Nanosized drug particles were prepared by optimizing the spray drying conditions. The cell toxicities were determined by interacting the formulations with respiratory cell lines (A549, calu-3 and NR8383 cell lines), and phagocytosis of the formulations was tested on a macrophage cell line. Permeations of the EDH formulations across a lipid bilayer were studied using the Ussing chamber and HPLC. Bioactivity tests of the formulations were carried out by using the resazurin method on M. bovis cells. Spray rate and inlet temperature were the two most important factors that affected the size and % yield of the product. The % cell viability of A549 cells with all EDH formulations, pure EDH and chitosan carrier was higher than 80%, the calu-3 cell line had % viabilities of between 85 and 99%, and the % viability of NR8383 cells was between 81 and 100%. The pure EDH had a minimum inhibitory concentration (MIC) of 2 µg/mL while the EDH formulations had MIC values of less than 1 µg/mL when tested against M. bovis. The formulation was completely phagocytized by the macrophage cells after 30 min. The permeability of pure EDH across lipid bilayer was 48.7% after 2 h while in the EDH formulations it was enhanced to 71%. The EDH formulations showed a lower toxicity, higher potency and better permeation than the pure EDH. Thus, EDH DPI formulations could help to minimize the duration of treatment and the risk of developing multidrug resistance tuberculosis compared to the non-formulated EDH.